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The invention relates to a method and a system in a wide area radio communication network, the network 
comprising at least two central stations (10), each central station being assigned to at least one peripheral 
station (1 1 ). According to the method radio transmission at specific frequencies between stations 
positioned along an arbitrary line is coordinated during all time intervals. The stations are provided with 
timing means (13). and transmitting and receiving means (14; 41, 42) for transmitting and receiving during 
predetermined time intervals in a predetermined direction. 
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Description 

The invention relates to a method and a system in 
a wide area radio communication networl<, comprising at 
least two central stations, each cental station being as- 
signed to one or more peripheral station. 

To make possible for a plurality of users of wide area 
mobile or stationary radb systems to utilize common 
communication resources methods of time and/or fre- 
quency sharing (e.g. TDMA, ALOHA, CSMA, Polling, 
FDMA) have been developed. The first method devel- 
oped was frequency sharing. The Nordic mobile tele- 
phone system NMT is based on this method. According 
to the frequency sharing method the users are allocated 
a certain channel at a certain frequency during the com- 
munication. Time sharing is a more modem method. 

Digital wide area systems normally use time sharing, 
some times in combination with frequency sharing. 

A drawback of the prior art methods for sharing re- 
sources is that the central station disposed in the center 
of the area must be able continuously to reach the pe- 
ripheral stations spread out in each ceil area or sector 
(e.g. within 360' or 90*.; see figs 1 and 2). 

The quality of digitally transmitted signals is affected 
by reflectk>n and diffraction, see fig 3. By using omni di- 
rectional or sector directional antennas the transmissbn 
capacity is limited. This is a difficult problem especially 
in mobile systems. 

Another drawback in current systems is that an on- 
going infonmation process between two stations resufts 
in transmission and reception in undesired directions. 
Small cell configurations such as those shown in fig 4 
are common in radio area networks. 

EP,A3,0201254 discloses a more devetoped radio 
communication system which utilizes spot beams, time 
division multiple access, and frequency-use to provide 
communication service from a central station to remote 
customers within a system service region. The central 
station provides multistage switching on intermediate 
frequency level to form a spotted beam in different direc- 
tions so as to permit the respective sharing of radio trans- 
mitters and receivers over a major number of antenna 
transmitting and receiving ports. At the super central sta- 
tion, each section of the service area is covered by a dif- 
ferent one of a raster of spot beams which are switched 
in accordance with a TDMA frame. A small number of 
transmission frequencies are re- used by different spot 
beams. The signal output energy is constant, regardless 
of the distance between the central station and the cus- 
tomer statbns. 

US-A-4,41 4,661 relates to a wide area radio com- 
munication system wherein each of a plurality of central 
statbns communicate with a plurality of peripheral sta- 
tions and wherein a time-sharing scheme is used in order 
to avoid interference between adjacent stations. Each 
central station is provkJed with time coordination data by 
an external source and each peripheral station includes 
a clock and transmitting and receiving means. 



US-A-4. 633,463 discloses a communication system 
whk;h includes a plurality of central statbns and at least 
one remote station assigned to each such station. Direc- 
tional antennas are used in order to exclude external in- 
5 terferences. 

An object of the present inventbn is to overcome lim- 
itations and drawbacks of the prior art systenns men- 
tioned above. Another object of the present invention is 
to minimize interference between stations and to mini- 
10 mize the total power consumption of the system. To 
achieve these objects the method and system according 
to the inventkxi have obtained the characteristics ap- 
pearing from claim 1 and claim 5, respectively. 

In order to explain the invention embodiments there- 
IS of will be described in more detail betow with reference 
to the accompanying drawings, wherein 

figs 1-6 are representations of prbr art communkia- 
tbn systems, 

20 fig 7 shows a timing sequency in the system shown 
in figs 5 and 6, 

fig 8 is a representation of the buffering principle 
whbh takes place in the system according to figs 5 
and 6, . 
2S fig 9 is a view from above of an embodiment of a 
system according to the inventbn during a specific 
time interval, 

fig 10 shows the system in fig 9 during artother time 
interval, 

30 fig 1 1 shows a central station according to the inven- 
tkxi, 

fig 1 2 shows another embodiment of the invention, 
utilizing phase array antennas, 
fig 13 is a representation of a timing synchronizing 
55 system utilized in an embodiment of the inventbn, 
fig 14 is a representatbn of a phase displacement 
system utilized in an embodiment of the inventbn, 
fig 15 is a representatbn of a system according to 
the invention, 

40 figs 16, 17 and 18 are representatbns of a system 
according to the invention transmitting in duplex and 
semi duplex. 

figs 19 and 20 are representatbns of different time 
frames for different subsystems in duplex and sem- 
4S buplex, 

fig 21 is a block diagram of a system configuration, 
fig 22 is a representation of the configuratbn in fig 21 
fig 23 is a block diagram of a sub-system, and figs 
24 to 26 are representations of diffferent methods of 
50 connecting systems according to the invention to 
external networks. 

The infomnation transmission between two stations 
in a prbr art system using spotted beams takes place 
5S during a specific time sbt, many stots constituting a 
frame, and in a specif b direction. The transmission is 
normally repeated continuously. With reference to figs 5 
and 6 it is clear that when transmissbn is taking place 
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between two stations, the stations are directed towards 
each other with regard to the transmitting as well as the 
receiving direction. 

The time diagram in fig 7 shows how the transmis- 
sion between stations is divided into frames or time in- 
tervals. 

When the information flow is continuous the infor- 
mation is transmitted as packets in time slots which are 
stored and rebuilt at the receiving unit and then retrans- 
mitted from the system in the original shape. The trans- 
mission is transparent to the user. There is a certain de- 
lay in transmission mainly caused by the package trans- 
mission, the buffering and the rebuilding, see fig 8, in 
which 11 and 12 are references for peripheral stations 
and 1 0 for a central statkDn. The time delay between each 
package or the repeated time slot in a frame is adjusted 
to the time delay acceptable in connected services. In 
public telephone networks a delay of up to 50 ms may 
be acceptable. 

The wide area telecommunk:atbn, system accord- 
ing to the invention is intended for alt types and combi- 
nations of telecommunicatton services, such as anatog 
and digital telephone transmission, high quality sound 
and image transmission, tow-speed asynchronous data 
transmissbn and synchronous data transmission, all 25 
services in corporation with other types of networks and 
services. 

It is also possible to implement the system according 
to the inventkxi for a specific sen^lce or for a specific 
combination of sen/ices. During the transmisskjn phase 30 
the antenna of a central station is always directed to- 
wards a specific peripheral station, but a peripheral sta- 
tion may under certain circumstances, such as in mobile 
applicattons, utilize an omni directional antenna and/or 
a adaptive directional antenna. 3S 

Each statwn dynamrcally and continuously redirects 
itself to the next statkxi in turn for transmissbn. To keep 
the system capacity high the redirection delay is made 
very short in relation to the time of the timestots. In the 
system according to the inventbn the redirectbn time 40 
delays are about or less than 1 mbrosecond whbh 
means that the time losses due to redirection are mar- 
ginal. At a channel capacity of 2 Mbite/s and 50 active 
stations less than 1 per cent of transmisskxi time is lost 
due to the redirectbn. 45 

The system according to the invention is intended 
for stattonary peripheral stations as well as mobile type 
peripheral stations. In a system comprising statkxiary 
peripheral stattons the geographical positton of each of 
the stations is stored. Position data are utilized when the so 
central stations calculate and control the peripheral sta- 
tions transmitting and receiving direction, time assign- 
ment according to traffb demand and timing in other sub- 
systenns, power and when applicable carrier frequency 
in order to optimize capacity and quality and minimize ss 
interference. When a new station is connected or an ac- 
tive station is disconnected the system automatically re- 
calculates transmission control data. Central stattons 



use time slots in the frames during which the area cov- 
ered by that central statbn is scanned to locate and kJen- 
tify any new station added and any prevbus active sta- 
tion disconnected or reconnected. Basically a central 
5 station of the system has three basic states or modes: 

A) Identifying statbns and compensating for dis- 
tance variations, for correct timing and power con- 
trol. 

10 B) Controlling statbn traffic. 

C) Transferring user and system informatbn. 
Optionally the system performs also: 

D) Scanning for identifying non-active and new sta- 
tbns and the locatbns thereof. 

75 

The system includes a central statbn antenna which 
is directed towards one specific peripheral station during 
short time intervals during which informatbn is trans- 
ferred, so as to achieve optimized signal strengths and 
20 minimized interference for the normal information ex- 
change. The informatbn exchange whbh is well defined 
in time as well as in directbn nnakes possible a simulta- 
neous reuse of the frequency in the vicinity of sab sta- 
tions, as bng as the transimission direction during that 
time interval is different. From figs 9 and 1 0 it is apparent 
how three different central stations 1 0, 1 0', 1 0" can trans- 
mit to three different peripheral statbns 11,11', 11" and 
use the same frequency f^. This is possible because of 
the highly directed antenna system, of the central statbn 
and because of the power, information transfer and tim- 
ing control applied to the system. Fig 9 shows the trans- 
mission taking place during time inten^al t^ and fig 1 0 dur- 
ing time interval tg. During certain time periods the cen- 
tral statbns search and scan for new statbns or move- 
ments of statbns. The central stations are not directed 
towards any specific peripheral statbn during said time 
perbds. 

The system utilizes dynamically controlled antennas 
41 and the principle of this type of antennas is shown in 
fig 11. In one implementatbn of the system pfiase array 
antennas 42 are used, see fig 12. The construction of 
the phase array antennas depends on the application. In 
fig 1 2 four plane phase array antenna elements 1 7, each 
of which covers 90**, are combined so as to cover a full 
circle for one radb transmitter/receiver. Alternatively 
one plane phase array element is combined with one 
transmitter/receiver in order to allow the central statbn 
to serve a sector Each of the elements is constructed to 
have a well defined transmissbn direction in space. 

One central station 1 0 and the peripheral statbns 1 1 
connected thereto comprise one subsystem whbh com- 
bined with more subsystems fomr^ a larger communica- 
tion system that cover a principally unlimited area as il- 
lustrated in figs 21 and 22. Different configuration types 
are possible, such as those shown in figs 24, 25 and 26 
with decentralized or hierarchical structures. Further, all 
or some of the stations may be provided with dynambally 
controlled directional antennas. 
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One implementation of timing control between sub- 
systems is shown in fig 1 3 where the central stations 10 
receive synchronizing signals from an external reference 
source and communication channel such as a satellite 
21 , radio/TV transmitter etc. The timing control and traffic 
coordination between subsystems to avoid interference 
could also take place through the public telephone net- 
work or through central stations which are set up to be 
synchronized and exchange control data with adjacent 
stations, 80, see figs 21 and 22. Compensation for and 
control of time reference differences, 34, between differ- 
ent adjacent sites may be included in advance by com- 
pensating for the relative time difference between differ- 
ent geographically separated stations. Alternativefy, the 
central stations are provided with a frame stability whbh 
makes synchronizatk>n unnecessary. If synchronization 
is not applied adaptive fault detection methods are used 
to coordinate traffic in the subsystems. 

Fig 14 shows a simplified arrangement to which 
there is applied a dynamic time sk^t allocatbn in depend- 
ence of the traffic for each central station indenpendent 
of traffic analyse on other centrBl statkxis. To minimize 
the Interference between central stations the scanning 
beam or beams at each central station can be phase de- 
layed and/or combined with a quality detectbn to per- 
form communicatbn as mentioned above. Thus, in this 
way risk of interference is minimized without a dynamic 
traffic coordination between non-adjacent central sta- 
tions. 

A way of avoiding interference between different 
substations is simply not to allow information exchange 
in some directions during some Wme intervals. Areas 22 
in fig 15a are referenced as prohibited zones and no 
transmission is allowed in those areas. The unit giving 
the reference number 23 is a source of interference, 
which can be constant in time. 

At certain time intervals a pair of statk>ns in each 
subsystem are bound to interfere when they transfer in- 
formation at the same frequency. See figure 15b. Two 
such statbns are referenced as a pair at risk. 24, 25, 26, 
27, 28. However, for fixed applications pairs at risk are 
known in advance and the time intervals given to the sta- 
tions in a pair at risk are chosen by the control system 
so as to minimize the risk of interference. 

By adjusting the transmission power for each station 
pair exchanging information to a level for achieving a cer- 
tain expected transmisskxi quality the level of interfer- 
ence is minimized and the informatk>n exchange is not 
performed with an unnecessary high quality. Fig 15b 
shows power diagrams 25, 26 for different stattons situ- 
ated at different distances from their central stations. In 
order to maintain a desired transmission quality in the 
system in unpredk^ted situations is fault detectk)n ap- 
plied. The influence from interference can be decreased 
by adapting forward error correction codes or by chang- 
ing time stots or frequency. 

When a system according to the present invention 
is used for duplex transmission information packages to 



or from a central statbn are coordinated with respect to 
time intervals. In that way losses due to directional 
changes in time and capacity are minimized. Fig 16 and 
17 show how the antenna system of one central station 
5 for one radio unit is directed in one specific direction at 
the lime T1 and transmits and receives infonmatbn pack- 
ets to and from a peripheral station 20. At point T2 an- 
other packet is received at the central station from the 
peripheral station 1 9 and its corresponding packet is sent 
10 out to 1 9, in duplex mode. 

Fig 18 shows a similar process as described with 
reference to fig 16 and 17 but at different time slots T1 , 
Tn. T5, Tk in semi duplex mode. The transmission proc- 
ess is separated between the central station and the pe- 
ripheral stations as illustrated in the antenna diagram 38 
and 39. 44 is the information packets sent by a central 
station and 45 is the information sent by the peripheral 
station. In semi duplex mode the central station coordi- 
nate the traffic flow to and from the peripheral stations 
and direct the antennas towards incoming packages 
from peripheral stations shortly before the infomnatron 45 
is received by the antenna. Shortly after the transmissk>n 
is completed the antenna is redirected. A central statbn 
controls each of the peripheral stations associated there- 
with with respect to the time intervals during which the 
peripheral station is allowed to transmit information. In 
that way the central station knows when information will 
be transmitted from each of the peripheral statkxis and 
when the information will be received. When such a 
package is received the antenna lobe 38 has just taken 
the proper direction. During the rest of the time period of 
each frame the central station exchanges information 
with other peripheral statkxis and in the next frame the 
antenna is again directed towards the mentraned statbn 
as bng as the time stot is assigned. 

Fig 19 shows the duplex frame structure for one or 
several central stations 1 ..n. The transmission and re- 
ceiving time are illustrated at 35 and 36. The total amount 
of time available during one frame is referenced by 32. 
One frame is devided into certain slots 320. The relative 
time difference between geographically separated cen- 
tral stations is referenced by 34. 

Fig 20 shows the semi duplex mode where each 
subsystem or central station using the same radb carrier 
is separated in a transmission time for the central station 
and the peripheral stations 38 and 39. The total time for 
one frame for both directions is referenced by 33, The 
tinDe sfot assigment in each of the directions can be dif- 
ferent which is shown at 380 and 390 in semi duplex 
mode the transmission directbn to and from the periph- 
eral stations is controlled by time slot albcation reserva- 
tion which makes it possible to handle traffic of different 
capacity between ports in the system independently of 
the transmission direction. The semi duplex frame struc- 
ture is separated in a transmission time period and a re- 
ceiving time period in order to operate several different 
central stations at the same time on the same frequency, 
see fig 22, with minimized interference between subsys- 
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One implementation of timing control between sub- 
systems is shown in fig 1 3 where the central stations 1 0 
receive synchronizing signals from an external reference 
source and communication channel such as a satellite 
21 , radio/TV transmitter etc. The timing control and traffic 
coordination between subsystems to avoid interference 
could also take place through the public telephone net- 
work or through central stations which are set up to be 
synchronized and exchange control data with adjacent 
statk>ns, 80, see figs 21 and 22. Compensation for and 
control of time reference differences, 34, between differ- 
ent adjacent sites may be included in advance by com- 
pensating for the relative time difference between differ- 
ent geographically separated stations. Alternatively, the 
central stations are provided with a frame stability which 
makes synchronization unnecessary. If synchronization 
Is not applied adaptive fault detect bn methods are used 
to coordinate traffic in the subsystems. 

Fig 14 shows a simplified arrangement to which 
there is applied a dynamic time stot allocatkm in depend- 
ence of the traffic for each central station indenpendent 
of traffic analyse on other central statkxis. To minimize 
the Interference between central stations the scanning 
beam or beams at each central station can be phase de- 
layed and/or combined with a quality detection to per- 
form communication as mentioned above. Thus, in this 
way risk of interference is minimized without a dynamb 
traffic coordination between non-adjacent central sta- 
tions. 

A way of avoiding interference between different 
substations is simply not to altow information exchange 
in some directions during some time intervals. Areas 22 
in fig 15a are referenced as prohibited zones and no 
transmission is al towed in those areas. The unit giving 
the reference number 23 is a source of interference, 
which can be constant in time. 

At certain time Intervals a pair of statkxis in each 
subsystem are bound to interfere when they transfer in- 
fonratton at the same frequency. See figure 15b. Two 
such stations are referenced as a pair at risk. 24, 25, 26. 
27, 28. However, for fixed applk^ations pairs at risk are 
known in advance and the time intervals given to the sta- 
tions in a pair at risk are chosen by the control system 
so as to minimize the risk of interference. 

By adjusting the transmission power for each statk)n 
pair exchanging information to a level for achieving a cer- 
tain expected transmission quality the level of interfer- 
ence is minimized and the information exchange is not 
performed with an unnecessary high quality. Fig 15b 
shows power diagrams 25, 26 for different stations situ- 
ated at different distances from their central stations. In 
order to maintain a desired transmission quality in the 
system in unpredk;ted situations is fault detection ap- 
plied. The influence from interference can be decreased 
by adapting f onward error correction codes or by chang- 
ing time stots or frequency. 

When a system according to the present invention 
is used for duplex transmission information packages to 



or from a central statton are coordinated with respect to 
time intervals. In that way losses due to directional 
changes in time and capacity are minimized. Fig 16 and 
17 show how the antenna system of one central station 

5 for one radio unit is directed in one specific direction at 
the time T1 and transmits and receives infonmation pack- 
ets to and from a peripheral station 20. At point T2 an- 
other packet is received at the central statton from the 
peripheral station 1 9 and its corresponding packet is sent 

10 out to 1 9, in duplex nnode. 

Fig 18 shows a similar process as described with 
reference to fig 16 and 1 7 but at different time slots T1 , 
Tn, T5, Tk In semi duplex mode. The transmission proc- 
ess is separated between the central station and the pe- 

^5 ripheral statkxis as illustrated in the antenna diagram 38 
and 39. 44 is the information packets sent by a central 
station and 45 is the information sent by the peripheral 
station. In semi duplex mode the central station coordi- 
nate the traffic flow to and from the peripheral stations 

20 and direct the antennas towards incoming packages 
from peripheral stations shortly before the information 45 
is received by the antenna. Shortly after the transmisskm 
is completed the antenna is redirected. A central station 
controls each of the peripheral stattons associated there- 

25 with with respect to the time intervals during which the 
peripheral statbn is allowed to transmit information. In 
that way the central station knows when information will 
be transmitted from each of the peripheral stattons and 
when the informatbn will be received. When such a 

30 package is received the antenna lobe 38 has just taken 
the proper direction. During the rest of the time period of 
each frame the central station exchanges information 
with other peripheral stations and in the next frame the 
antenna is again directed towards the ment toned statton 

35 as long as the time stot is assigned. 

Fig 1 9 shows the duplex frame structure for one or 
several central stations 1..n, The transmission and re- 
ceiving time are illustrated at 35 and 36. The total amount 
of time available during one frame is referenced by 32. 

40 One frame is devided into certain slots 320. The relative 
time difference between geographically separated cen- 
tral stations Is referenced by 34. 

Fig 20 shows the semi duplex mode where each 
subsystem or central statton using the same radto carrier 

45 is separated in a transmisston time for the central statton 
and the peripheral stations 38 and 39. The total time for 
one frame for both directions is referenced by- 33. The 
time stot assigment in each of the directtons can be dif- 
ferent which is shown at 380 and 390 in semi duplex 

50 mode the transmission direct ton to and from the periph- 
eral stations is controlled by time slot altocation reserva- 
tion which makes it possible to handle traffic of different 
capacity between ports in the system independently of 
the transmission direction. The semi duplex frame struc- 

55 ture is separated in a transmission time period and a re- 
ceiving time pertod in order to operate several different 
central stations at the same time on the same frequency, 
see fig 22, with minimized interference between subsys- 
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tems. Said central stations can be adjacent or non-adja- 
cent. 

Fig 21 and 22 show an exempie of an implamenta- 
tion of the system over a wide area. One or several cen- 
tral stations 1 0 form subsystenns 50 together with periph- 5 
era) statbns 11 and 12. One or several central stations 
can be formed as one station or super central station 40 
at the same site via a digital switch. The traffic within or 
between different subsystems may take place through 
an external digital switching device 90 In order to In- io 
crease redundancy or to use each super central station 
more efficiently. Several subsystems 50 form a system 
70. Synchronisation and coordination between subsys- 
tems and inter system data exchange is shown at 80. 
Connection ports to other networks are represented by ^5 
31 and 91 at the central or super central stations and by 
310 at the peripheral stations. Coexistance of two sub- 
systems that cover the same regbn is shown in figure 
22a. 

Fig 23 shows one subsystem 50 and under the cen- 20 
tral statk^n 10 one or several separated peripheral sta- 
tbns 11 and 12 with its ports 31 0 where user traffic is to 
be connected. Use of data transmission is represented 
by 500. Signalling between central and peripheral sta- 
tions is represented by 800 for the ports and by 900 for 25 
other signalling. Interference Is further possible to mini- 
mize in the system by analysing the user informatbn 
which is required to be sent through each subsystem. If 
so desired only information packets that carries changes 
or certain types of changes are transmitted through the 30 
system. When information is consklered redundant and 
is no* transmitted the information is instead reinserted at 
the corresponding destination port of the system. The in- 
formation transfer between ports is controlled in the sig- 
nalling 800 which requires less band width than usual 35 
data transfer 500. Data, such as silence or "on hook con- 
ditkxi" in a telephone system and^or repaeted similar 
data streams or no data transmission from a computer, 
LAN, PABX, IMAGES, etc can be controlled by signalling 
between the statkxis. In this way the interference in the 40 
system is decreased. Further, the system capacity will 
be increased. 

Fig 24. 25, 26 show examples of different system 
configurations. In fig 24 each of the super central statbns 
or subsystems is connected to another network 72. In fig 45 
25 connect bn to another network is made through one 
super central statbn or subsystem only, inter traffic be- 
tween stations shown at 1 000. Fig 26 shows a more com- 
plex and decentralized structure where some super cen- 
tral stations or central stations are terminated to other so 
networks arKi some are not. 

By allowing a plurality of geographically adjacent 
subsystems each having a possibility to cover 360" hor- 
izontally while using the same frequency, the frequer^y 
space efferxjiency is increased by a factor from 7 to at ss 
least 14 in relation to other methods, see fig 4, of wide 
radio, area networks. As the antenna system may also 
include vertical space control and as different users are 



separated in variable altitudes such as sky scrapers the 
factor IS further increased. 

When each central station is equipped with an an- 
tenna each covering a sector of 90° horizontally the fre- 
quency efficiency is still further improved by a factor of 
about 4 when interference is controlled efficiently If such 
an arrangement includes two or more systems to cover 
the same area from the same site 51 the effkiiency is still 
further improved. Each central and peripheral station is 
equipped with ports that allow multiplexed or unmulti- 
plexed digital signals to be transmitted through the sys- 
tem. The ports 31; 91; 310 form the connection points 
between the users and the system. Said ports are de- 
signed in such a way that it is possible to achieve a se- 
cure and if required a compressed information exchange 
through the system for each sen^ice connected. This is 
done in order to avoid interference and to delete unnec- 
essary informatkDn transfer whbh at some time intervals 
carries no significant data, see fig 23. This further im- 
proves the frequency efficiency and the interference 
risks are further decreased. 

The secrecy of the system according to the present 
inventbn is also improved dranDatically when inforiDatbn 
is transmitted in packages in different directbns. By ad- 
justing the transmission intensity in dependence of the 
actual traffic and quality needs the secrecy is further im- 
proved. 



Clalnns 

1 . Method of communicatbn in a wide area radio com- 
munication network, said network comprising at 
least two Central stations (10). each Central Statbn 
being assigned to at least one Peripheral Station 
(1 1 ), each Centra! Statbn (1 0) and each Peripheral 
Station (11) having means for transmitting radio 
energy and receiving radb energy, characterized in 
that means are arranged in said Central Statbns for 
communicating to and from sakJ Central Stations by 
transferring radio signals in predetermed transmis- 
sion directbns during predetermed time intervals, 
said means for commun bating including a directed 
antenna system (41 ), each Central Statbn transmit- 
ting and receiving radb signals to cover a servbe 
area; 

that a total servbe area coverage of each Cen- 
tral Station is divided into different geographbal 
sub servbe area segments covered during 
selected time segments; 
that each Central Station operates in different 
sub-areas by controlling said directed antenna 
system (41 ) to operate in sab sub-servbe area 
segment during predetermined time intervals; 
that each of said Central Stations stores infor- 
mation atxjut distance and directbn to each 
assigned Peripheral Statbn; 
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that each Central Station coordinates each 
assigned Peripheral Station by distributing sig- 
nal information to each Peripheral Station 
assigned thereto, said information including tim- 
ing compensation with respect to the distance 
between said Central Station and said Periph- 
eral Station assigned thereto, and including 
actual time inten^als selected by said Central 
station for sending infonmation to said Central 
Station from said Peripheral Station; and 
that each Central Station coordinates the recep- 
tion of infomnation transmitted from each 
assigned Peripheral Station at said time inter- 
vals by directing during said time inten/als the 
antenna of said Centra! Station towards said 
Peripheral Station. 

2. Method according to claim 1 wherein the communi- 
cation between each of said Central stations (10) 
and other stations is organised in a time division 
structure consisting of a time frame structure which 
is subdivided Into a plurality of time slots. 

3. Method according to claim 2, wherein within 
selected time sbts to be used for the communication 
between a Central station (10) and each assigned 
Peripheral station (11) each Peripheral station 
adjusts the transmission time with respect to the dis- 
tance between said stations, to maintain said time 
frame structure. 

4. Method according to claim 2, wherein the transfer of 
radio signals through the antenna systems (41) of 
said Central station (1 0) is optimized with respect to 
a combination of optimum radio signal strength and 
minimal disturt>ance. 

I 5. Method according to claim 2. wherein said Perlph- 
\ eral stations (11) communicate with said Central sta- 
^ t ion (1 0) through a directed antenna systems (41 ), 
by directing an antenna lobe of said antenna system 
towards the antenna systems of said Central station. 

6. Method according to claim 2, wherein error detection 
measures are applied to infonmation transferred 
between each Central station and any assigned 
Peripheral statbn, in order to measure transmission 
quality. 

7. Method according to claim 6, wherein a change of 
time slot selection in the communication between 
respective Central station and assigned Peripheral 
station is initiated when errors are detected. 

8. Method according to claim 6, wherein a change ot 
frequency is initiated when errors are detected. 

9. Method according to claim 2, wherein said trans- 



ferred signals include codes for error correction. 

1 0. Method according to claim 2, wherein synchronizing 
signals arc applied to said Central stations. 

5 

11. Method according to claim 2, wherein the level of 
transmitted radio energy from at least said Central 
statbn to its assigned Peripheral station is controlled 
to achieve a predetermined level of transmission 

yo quality. 

1 2. Method according to claim 2, where the radio capac- 
ity of each Central station and its associated Periph- 
eral station is provided in a common frequency band 

^5 for all statbns where time frames each Central 
statbn and its assigned Peripheral station are sep- 
arated into more than one time sbt, where the frame 
is separated into a send and a receive time interval, 
each of said time intervals representing a conseq- 

^0 utive number of time sbts. 

13. Method according to claim 2, wherein said Periph- 
eral station is stationary during communication with 
said Central station. 

25 

14. Method according to claim 2, wherein said Periph- 
eral station is movable during communication with 
said Central statbn. 

30 15. Method according to claim 2, wherein said division 
of a sen^ice area of a first Central statbn into differ- 
ent geographical subservice area segments in 
selected time segments is coordinated with a corre- 
sponding division in a second Central station to 

55 avoid interference, said first and second Central sta- 
tbns having overlapping sen^ice areas and utilizing 
overlapping frequence bands . 

1 6. Method according to claim 2, wherein said distrib- 
40 uted infomnation including timing compensating data 

and time intervals is stored in said Peripheral station 
receiving said information. 

17. A system for communicating in a wide area radb 
45 communicatbn network, said network comprising at 

least two Central stations (10), and a plurality of 
Peripheral statbns (11 ), each Central station being 
assigned to at least one Peripheral station, wherein 
each said Central station is provided with, means for 

so transmitting and receiving radb signals to and from 
any assigned Peripheral station assigned thereto, 
characterized by means (13; 16) for controlling a 
controllable directional antenna system (41) of sab 
Central station in specific direct bns under selected 

55 specific time segments in at least two directions, by 
means (14) for storing positbn data like distance 
and direction of at least said associated Peripheral 
station; and by said Peripheral stations being pro- 
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kompensatbn im Hinblick auf die Entfemung 
zwischen der Zentralstation und der ihr zuge- 
teilten Peripheriestation enthalten und zum 
Senden von Intornr^tionen von der Pertpherie- 
5 station zur Zentralstation tatsachliche durch die 

Zentralstation ausgewahlte Zeitintervalle ent- 
halten; und 

daB jede Zentralstation den Empfang von Infor- 
10 mationen, die von jeder zugeteitten Peripherie- 

station zu den Zeitintervallen ubertragen wer- 
den, koordiniert, indem sie wahrend der Zeitin- 
ten^alle die Antenne der Zentralstation auf die 
Peripheriestation richtet. 

IS 

2, Verfahren nach Anspruch 1, dadurch gekennzeich- 
net, dal3 die Obertragung zwischen jeder der Zen- 
tralstationen (10) und anderen Stattonen in einer 
Zeitaufteilungsstruktur organisiert ist. die aus einer 
20 Zeitrahmenstruktur besteht, die in eine Vielzahl von 
Zeitkanalen unterteilt ist. 



vided with means tor receiving timing information 
and distance informatbn and means for storing said 
information in each Peripheral station in order to 
control the timing ot the information transfer to said 
Central station with regard to the distance between 
sakJ Peripheral statkxi and said Central station. 

id. A system according to claim 17, characterised in 
that said directional antenna system (41 ) includes a 
plurality of fixed antennas (15), each of which being 
directed into a specific direction. 

19. A system according to claim 17. characterised in 
that said directional antenna system (41 ) includes a 
plurality of directable phase array antenna elements 
(17). 



Patentanspruche 

1. Kommunikationsverfahren in einem Fem-Funkver- 
kehrsnetz, wobet das Netz mindestens zwei Zentral- 
statkxien (10) aufweist, wobet jede Zentralstation 
mindestens einer Peripheriestation (11 ) zugeteilt ist, 
wobei jede Zentralstation (10) und jede Peripherie- 
station (11) Vorrichtungen zur Obertragung von 
Funkenergie und zum Empfang von Funkenergie 
aufweist, dadurch gekennzefchnet , daB in den 
Zentralstationen Vorrichtungen zur Obertragung auf 
und von den Zentralstattonen durch Obermittlung 
von Funksignalen in vorgegebene Ubertragungs- 
rchtungen wahrend vorgegebener Zeitintervalle 
angeordnet sind, wobei die Obertragungsvorrich- 
tungen ein Rrchtantennensystem (41) aufweisen, 
wobei jede Zentralstation Funksignale ubertragt und 
empfangt, um einen Versorgungsberek^h abzudek- 
ken; 

daB eine gesamte Versorgungsbereichsabdek- 
kung jeder Zentralstation in verschiedene geo- 
graphische Unterversorgungsbereichs-Seg- 
mente geteilt ist, die wahrend ausgewahlter 
Zeitsegmente abgedeckt werden; 



3. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daB innerhalb ausgewahlter, fur die Obertra- 

2S gung zwischen einer Zentralstatk>n (10) und jeder 
zugeteitten Peripheriestation (11) zu venwendender 
Zeitkanale jede Peripheriestatbn die Obertragungs- 
zeit im Hinblick auf die Entfernung zwischen den 
Stationen anpaBt, um die Zeitrahmenstruktur auf- 

30 rechtzuerhatten. 

4. Verfahren nach Anspruch 2. dadurch gekennzeich- 
net, daB die Obertragung von Funksignalen durch 
das Antennensystem (41 ) der Zentralstatbn (1 0) im 

35 Hinblck auf eine Kombinatbn optimaler Funksignal- 
starke und minimaler Storung optimiert wird. 

5. Verfahren nach Anspruch. 2, dadurch gekennzeich- 
net, daB die Peripheriestationen (1 1 ) mit der Zentral- 

40 statk>n (10) durch ein ausgerichtetes Antennensy- 
stem (41 ) in Verbindung stehen, indem eine Anten- 
nenkeule des Antennensystems auf die Antennen- 
systeme der Zentralstation gerichtet wird. 



35 



40 



daB jede Zentralstation in verschiedenen Unter- 45 
bererchen arbeitet, indem sie das ausgerichtete 
Antennensystem (41) so steuert, daB es wah- 
rend vorgegebener Zeitintervalle in dem Unter- 
versorgungsbereichs-Segment arbeitet; 

so 

daB jede der Zentralstationen Informationen 
uber Entfernung und Richtung zu jeder zugeteil- 
ten Peripheriestation speichert; 

daB jede Zentralstatk>n jede zugeteilte Periphe- 55 
riestatk)n koordiniert, indem sie an jede ihr 
zugeteilte Peripheriestation Signalinfomnatio- 
nen verteilt, wobei die Informatonen eine Zeit- 



6. Verfahren nach Anspruch 2, dadurch gekennzetch- 
net, daB zur Messung der Ubertragungsqualitat 
Fehlererkennungsn^Bnahmen auf Infomiatbnen, 
die zwischen jeder Zentralstation und jeder zugeteit- 
ten Peripheriestatbn ubertragenen werden, ange- 
wendet werden. 

7. Verfahren nach Anspruch 6, dadurch gekennzeich- 
net, daB eine Anderung der Zeitkanalauswahl bei 
der Obertragung zwischen einer jeweiligen Zentral- 
statbn und einer zugeteitten Peripheriestatbn 
gestartet wird. wenn Fehler entdeckt werden. 

8. Verfahren nach Anspruch 6, dadurch gekennzeich- 
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net, daG eine Anderung der Frequenz gestartet wird. 
wenn Fehler entdeckt werden. 

9. Verfahren nach Anspruch 2. dadurch gekennzelch- 
net, daB die Obertragenen Signale Fehlerkorrektur- 
ccxies aufweisen. 

10. Verfahren nach Anspruch 2, ctedurch gekennzeich- 
net, daB an die Zentralstatranen Synchronisierungs- 
signale angelegt werden. 

11. Verfahren nach Anspruch 2, dadurch gekennzerch- 
net, daB der Pegel der Obertragenen Funkenergie 
von zumindest der Zentralstation auf ihre zugeteilte 
Peripheriestation gesteuert wird, um ein vor gegebe- 
nes Niveau an Ubertragungsqualitat zu erreichen, 

1 2. Verfahren nach Anspruch 2. dadurch gekennzeich- 
net, daB die Funkkapazitat jeder Zentralstatbn und 
Ihrer zugeteitten Peripheriestation in einem fur alle 
Stattonen gemeinsamen FrequenzbarKi vorgese- 
hen ist, in dem Zeitrahmen jeder Zentralstation und 
ihrer zugeteitten Peripheriestation in mehrals einen 
Zeitkanal aufgeteift sind, wobei der Rahmen in ein 
Sende- und ein Empfangszeitintervall aufgeteift ist, 
wobei jedes der Zertintervalle eine fortlaufende Zahl 
an Zeitkanalen darstelrt. 

13. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daB die Peripheriestation wahrend der Verbin- 
dung mit der Zentralstation ortsfest ist. 

14. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daB die Peripheriestation wahrend der Verbin- 
dung mit der Zentralstation beweglich ist. 

15. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daB die Aufteilung eines Versorgungsberek;hs 
einer ersten Zentralstation in verschiedene geogra- 
phtsche Unterversorgungsberebhs-Segmente in 
ausgewahlten Zeitsegementen mit einer entspre- 
chenden Aufteilung in einer zweiten Zentralstation 
koordiniert ist, um Interferenz zu vermeiden. wobei 
die ersten und zweiten Zentralstatwnen skti uber- 
lappende Versorgungsbereiche aufweisen und sich 
ubertappende Frequenzbander verwenden. 

16. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daB die verteilten Informationen. die Zettkom- 
pensattonsdaten und Zeitintervalle aufweisen, in der 
die Informationen empfangenden Peripheriestation 
gespeichert werden. 

17. Kommunikationssystem in einem Fem-Funkver- 
kehrsnetz, wobei das Netz mindestens zwei Zentral- 
stationen (10) und eine Vielzahl von Peripheriesta- 
tionen (11) aufweist, wobei jede Zentralstation min- 
destens einer Peripheriestation zugeteilt ist, wobei 
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jede Zentralstation mit Vorrichtungen zur Ubertra- 
gung und zum Empfang von Funkstgnalen auf und 
von jeder ihrzugeteilten Peripheriestatkin versehen 
ist, 

gekennzeichnet durch Vorrichtungen (13; 16) 
zur Sleuerung eines steuerbaren Richtanten- 
nensystems (41) der Zentralstation in 
bestimmte Richtungen unter ausgewahlten 
bestimmten Zeitsegmenten, in mindestens zwei 
Richtungen, 

durch Von-ichtungen (14) zur Speicherung von 
Positionsdaten, wie Entfemung und Richtung, 
zumindest der zugehorigen Peripheriestation; 
und 

dadurch. daB die Peripheriestationen mit Vor- 
richtungen zum Empfang von Zeitinformationen 
und Entfemungsinfomnationen und mit Vorrich- 
tungen zur Speicherung der Informationen in 
jeder Peripheriestatk>n versehen sind. um die 
Zeitsteuerung der Informationsubertragung auf 
die Zentralstation im Hinblickauf die Entfernung 
zwischen der Peripheriestation und der Zentral- 
statbn zu steuern. 



ia System nach Anspruch 17, dadurch 
gekennzeichnet , daB das Rbhtantennensystem 
30 (41) eine Vielzahl von festen Antennen (15) auf- 
weist, von denen jede in eine bestimmte Richtung 
ausgerichtet ist. 

19. System nach Anspruch 17, dadurch 
35 gekennzeichnet . daB das Rbhtantennensystem 
(41 ) eine Vielzahl von ausrrchlbaren phasengesteu- 
erten Antennenelementen (1 7) aufweist. 



RevendlcatkHis 

1. Proc6d6 de communrcation dans un r6seau de 
radkxjommuncatran de grande 6tendue, ledit 
reseau comprenant au moins deux statkxis centra- 
les (1 0), chaque statk5n centrale 6tant affectde k au 
nrwins une statbn periph6rique (11 ), chaque statbn 
centrale (10) et chaque statkxi p6riph6rique (11) 
ayant des moyens pour 6mettre de r6nergie radb 
et recevoir de I'^nergie radb, caracterise en ce que 
des moyens sont agenc6s dans lesdites stations 
centrales pour communiquer dans les deux direc- 
tions avec lesdites stations centrales en transf 6rant 
des signaux radio dans des directions de transmis- 
sion pr6d6termin6es pendant des inten/alles de 
5S temps pr6d6tenmines, lesdits moyens de communi- 
cation comprenant un systdme d'antenne orient^e 
(41 ), chaque statbn centrale §mettant et recevant 
des signaux radio pour couvrir une zone de service ; 
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la couverture totale cTune zone de service de 
chaque station centrale est partagee en diff6- 
rents segments g^ographiques de sous-zones 
de sen^tce, couverts pendant des segments de 
temps s6Iectionn6s ; s 
chaque station centrale fonctbnne dans diff6- 
rentes sous-zones en commandant ledit sys- 
tfeme cfantenne orientee (41 ) pour le faire fonc- 
tionner dans ledit segment de sous-zone de ser- 
vice pendant des intervalles de temps to 
pr6d6termin6s ; 

chacune desdrtes stations centrales stocke des 
dbnnees de distance et de direction par rapport 
§ chaque station p6ripherlque affect 6e ; 
chaque station centrale coordonne chaque sta- is 
tion p6riph4rique affect^e en distribuant des 
signauxd'infonmation k chaque station p^riphS- 
rique qui lui est affect^e, lesdites informations 
comprenant une compensation de base de 
temps par rapport k la distance separant ladite 20 
station centrale de ladite station p^riph^rique 
qui lui est aff ect6e, et comprenant des interval- 
les de temps r^l s^lectionnSs par ladite station 
centrale pour envoyer des informatior^ a ladite 
station centrale k parti r de ladtte station 2S 
p6riph6rique ; et 

chaque station centrale coordonne la reception 
des infornoations transmises depuis chaque sta- 
tion p6ripherique affectde dans lesdrts interval- 
les de temps en orientant pendant lesdits inter- 30 
valles de temps l*antenne de ladite station cen- 
trale en direction de ladite station p^riph^rique. 

2. Proced6 selon la revendication 1, dans lequel la 
communication entre chacune desdites stations 3S 
centrales (10) et les autres stations est organis^e 
selon une structure de division du temps consistant 

en une structure de trame de temps qui est subdivi- 
see en une piuralite de cr6neaux de temps. 

40 

3. Proc6de selon la revendicatbn 2, dans lequel, h 
I'int^rieur des cr6neaux de temps s^lectionn^s k uti- 
llser pour la communication ente une station cen- 
trale (10) et chaque station pdriphertque affect^e 
(11), chaque station pdripherique ajuste le temps de "ts 
transmission par rapport k la distance entre lesdites 
stations, pour maintenir ladite structure de trame de 
temps. 

4. Procede selon la revendicatbn 2, dans lequel le so 
transfert des signaux radio au moyen des systdmes 
tfantenne (41) de ladite station centrale (10) est 
optimist par rapport h une combinaison de I'inten- 
sit6 optimale du signal radio et d'une perturbation 
minimale. 55 

5. Proc6d6 selon la revendicatbn 2, dans lequel des 
stations p6riph6riques (11) communiquent avec 



ladite station centrale (1 0) au moyen de systdmes 
d'antennes orient6es (41), en orientant un lobe 
d'antenne dudit syst^me d'antennes en direction 
des syst^mes d'antenne de ladite statbn centrale. 

6. Proc6d6 selon la revendication 2. dans lequel des 
mesures de detection d'erreurs sont appliquees aux 
informations transferees entre chaque statbn cen- 
trale et une quelconque station p6riph6rique affec- 
t6e, afin de mesurer la quality de la transmission, 

7. Proc6d6 selon la revendicatbn 6, dans lequel un 
changement de selection de crdneau de temps dans 
la communication entre une station centrale respec- 
tive et une station p6riph6rique affect6e est lance 
lorsque des erreurs sont ddtect^s. 

8. P(oc6d6 selon la revendicatbn 6, dans lequel un 
changement de frequence est lanc6 quand des 
erreurs sont dStectees. 

9. Procede selon la revendication 2, dans lequel lesdits 
signaux transf6r6s comprennent des codes de cor- 
rection d'erreurs. 

10. Proc6de selon la revendication 2, dans lequel des 
signaux de synchronisation sont appliqu6s auxdites 
stations centrales. 

11. Proc6d6 selon la revendication 2, dans lequel le 
niveau de I'energie radio transmise par au moins 
ladite station centrale a sa station periph6rique 
affectee est commande pour atteindre un niveau 
predetermine de quality de transmission. 

12. Proc§d6 selon la revendication 2, dans lequel la 
capacity radio de chaque statbn centrale et de sa 
statbn peripherique associ^e est prdvue dans une 
bande de frequence commune h toutes les stations, 
dans taquelle des trames de temps de chaque sta- 
tion centrale et de sa station periph6rique affectee 
sont separ^es en plusieurs cr^neaux de temps, 
dans lequel la trame est separ6e en un intervalle 
d'emissbn et un intervalle de reception, chacun des- 
dits intervalles de temps repr6sentant un nombre 
sequentiel de cr6neaux de temps. 

1 3. Procdde selon la revendication 2, dans lequel ladite 
station pdripherique est fixe pendant la communica- 
tbn avec ladite statbn centrale. 

14. Proc6d6 sebn la revendication 2, dans lequel ladite 
statbn p§riph6rique est mobile pendant la commu- 
nicatbn avec ladite station centrale. 

15. Proc6d6 selon la revendbation 2. dans lequel ledit 
partage d'une zone de sen/ice d'une premiere sta- 
tbn centrale en diff^rents segments gdographiques 
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de sous-zones pendant des segments de temps 
sdlectionn^s est coordonn6 avec un partage corres- 
pondant d*une seconde station centrale pour 6viter 
des intert6rences, lesdites premiere et seconde sta- 
tions centrales ayant des zones de sen/ice empi6- s 
tant Tune sur I'autre et utillsant des bandes de fre- 
quence empietantes. 

16. Precede seton la revendlcatbn 2, dans lequel lesdi- 
tes informations distributes comprenant des don- io 
ntes de compensation de base de temps et des 
intervalles de temps sont stock6s dans ladite station 
pdripherique recevant lesdites informations. 

17. Systdme de communlcatbn dans un r6seau de is 
radiocommunlcatlon de grande 6tendue. ledit 
rdseau comprenant au moins deux stations centra- 
les (10), et une plurality de stations periphSriques 
(11). chaque station centrale etant affect^e ^ au 
fTK^ins une station pdripherique , 20 

dans lequel chacune desdites stations centra- 
les est 6quip6e de moyens de transmission et 
de reception de signaux radio vers et en prove- 
nance d'une quelconque station peripherique 2$ 
qui lul est affect6e. caracttrise par des moyens 
(13; 16) pour commander un syst^me 
d'antenne directionnelle contrdlable (41) de 
ladite station centrale dans des directions sp6- 
cifiques pendant des segnnents de temps sp6' 30 
cifiques selectionnes dans au moins deux direc- 
tions; par des moyens (14) pour stocker des 
donn^es de position telles que la distance et la 
direction d'au moins ladite station peripherK|ue 
associte; et par le fart que lesdites statkxis p6r\- 3S 
pheriques sont §quip6es de moyens pour rece- 
voir des informatbns de base de temps et des 
informations de distance et des moyens pour 
stocker lesdites informations dans chaque sta- 
tion p6riph6rk:|ue afin de commander la base de ^ 
temps de transfert des informations vers ladite 
station centrale en fcnction de la distance s6pa- 
rant ladite station peripherique de ladite station 
centrale. 

45 

18. Syst^me sefc>n la revendicatkxi 17. caracterise en 
ce que ledit systdme d'antenne directionnelle (41) 
comprend une pluralite d'antennes fixes (15), dont 
chacune est orientee dans une direction particuli6re, 

so 

19. Systdme sebn la revendication 17, caracterise en 
ce que chaque systems d'antenne directionnelle 
(41) comprend une pluralite d*eiements d'antenne 
(17), orientables dans une reseau de phase. 
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